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1.  INTRODUCTION 


1.1  Background.  The  Department  of  Defense  Explosive  Safety  Board  (DDESB)  has  a  need  for 
the  characterization  of  airblast  hazards  for  use  in  determining  quantity-distance  (Q-D)  standards  for 
ordnance.  This  research  effort  addresses  the  approximate  Q-D  standards  to  be  applied  when 
munitions,  stored  underground,  explode.  A  previous  effort  by  BRL1  in  this  area  characterized  the 
external  side-on  blast  pressures  from  such  explosions.  However,  it  was  noted  that  external 
stagnation  pressures  along  the  tunnel  axis  may  considerably  exceed  the  side-on  pressures  due  to  the 
high  velocity  of  the  jet  flow  exiting  the  tunnel. 

Also,  small-scale,  shock-tube  tests2  showed  that  external  stagnation  pressures  could  be  much  higher 
than  comparable  side-on  pressures.  These  high  stagnation  pressures,  if  produced  by  accidental 
detonation  of  underground  storage  facilities,  could  result  in  Q-D  standards  that  are  less  than  required. 

1.2  Objectives.  The  objective  of  this  effort,  sponsored  by  DDESB,  is  to  conduct  scale-model 
tunnel  tests  to  determine  stagnation  pressures  relative  to  side-on  pressures  in  the  free  field. 

2.  TEST  PROCEDURES 

A  smooth-walled  steel  pipe  chamber/tunnel  model  of  1:50  scale  was  operated  with  detonating 
cord  as  described  in  the  following  sections. 

2.1  Test  model.  The  test  model  used  is  shown  in  Figure  1.  Pressure  transducers  were  mounted 
in  the  chamber  wall  to  record  the  reflected  and  quasi-static  pressure  in  the  chamber.  A  transducer 
was  also  placed  near  the  exit  end  of  the  tunnel  to  record  the  side-on  exit  pressure.  Transducers 
were  also  mounted  in  lead  bricks  along  blast  radials  located  at  0°  and  45°  from  the  tunnel  exit  to 
record  both  side-on  and  stagnation  pressures.  Figure  2  is  a  photograph  of  the  model.  Figure  3 
shows  the  transducers  mounted  in  ground  baffles  along  the  blast  line.  Ground  distances  for  the 
transducer  stations  were  chosen  to  record  equal  pressures  on  both  blast  lines  at  corresponding 
stations  and  are  presented  in  Table  1.  A  photograph  of  the  test  site  is  shown  in  Figure  4.  The 
detonating  cord  was  cut  in  lengths,  bundled,  and  placed  in  a  cardboard  tube,  Figure  5,  then  centered 
in  the  chamber  to  give  the  desired  loading  density,  as  shown  in  Table  2. 

This  corresponds  to  a  distributed  storage  of  munitions  in  the  chamber  of  an  underground  storage 
facility.  Detonation  was  initiated  at  the  closed-chamber  end  by  a  Type  2023  detonator.  In  tests  1 
and  2  the  charges  were  0.0634  kg  of  PETN,  and  in  tests  3,  4,  and  5,  the  charge  was  0.136  kg  of 
PETN. 
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TABLE  1.  Gage  Locations. 


Station 

Distance  from  tunnel  exit  to  gage,  m 

Shots  1  &  2 

Shots  3,  4,  &  5* 

0-1 

1.00 

1.2 

0-2 

1.53 

2.43 

0-3 

2.61 

4.17 

0-4 

4.89 

7.80 

45-1 

0.80 

0.90 

45-2 

1.06 

1.68 

45-3 

1.81 

2.88 

45-4 

3.38 

5.39 

*45-degree  blast  line  not  used  in  shots  4  and  5. 


Table  2.  Shot  Matrix. 


Shot  No. 

Charge* 

weight, 

kg 

Chamber-loading 

density, 

kg/m 

Test  base 

1 

0.681 

Sand 

2 

0.0634 

0.681 

Sand 

3 

0.136 

1.46 

Sand 

4 

0.136 

1.46 

Plywood 

5 

0.136 

1.46 

Plywood 

*  Explosive  used  was  0.0106  kg/m  PETN  detonating  cord. 
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Rgurc  2.  View  of  model  chambcr/tunncl. 


ring  device  for  detonatim 


2.2  Instrumentation.  The  data  acquisition-reduction  system  is  shown  in  Figure  6. 


3.  RESULTS  AND  DISCUSSION 

Figures  7  and  8  show  post  shot  photographs  of  the  disturbance  of  the  sand  test-bed  surface 
from  shots  2  and  3.  There  was  some  cratering  near  the  exit  and  enough  soot  from  the  explosion  to 
mark  a  path  along  the  0-degree  line.  The  45-degree  line  was  essentially  free  from  soot. 

Appendix  A  presents  pressure-time  records  from  the  chamber,  tunnel,  and  each  station  of 
the  blast  lines.  At  station  C-l,  in  the  chamber,  the  records  show  that  large  blast  reflections  are 
produced  at  charge  detonation.  Then  the  pressure  builds  to  some  average  quasi-static  value  and 
decays  by  exhausting  into  the  tunnel  and  out  the  exit. 

Blast  wave  propagation  can  be  seen  by  comparing  the  records  from  each  station  on  each 
blast  line.  Large,  double-peaked  waveforms  are  seen  along  the  0-degree  line,  but  not  on  the  45- 
degree  line.  Whether  or  not  the  peaks  catch  up  determines  the  maximum  pressure  at  a  given 
station. 


The  test  model  configuration  was  not  varied  during  the  shots;  however,  to  maintain  the 
predicted  pressure  levels  of  68.95  kPa  at  station  1,  24.13  kPa  at  station  2,  11.72  kPa  at  station  3, 
and  5.00  kPa  at  station  4,  the  transducers  were  moved  based  on  charge  weight  Locations  of 
chamber  and  tunnel  transducers  are  shown  in  Figure  1. 

Table  3  compares  the  peak  sidc-on  and  stagnation  pressures  from  the  tests.  In  some 
instances  multiple  values  of  pressure  were  obtained,  which  are  listed  to  show  the  extra  peaks. 
Also,  the  experimental  environment  in  the  chamber  was  quite  severe  and  few  data  were  obtained 
there.  Table  4  compares  the  external  side-on  and  stagnation  impulses. 

Initially,  it  was  expected,  from  the  tests  in  the  small-scale  shock  tube,2  that  the  peak 
stagnation  overpressures  for  shots  1  and  2  would  be  approximately  7  to  8  times  the  peak  side-on 
overpressures  at  comparable  gage  locations  along  the  0-degree  axis,  and  for  shot  3,  approximately 
II  to  12  times  greater.  As  shown  in  Table  3,  stagnation  overpressures  were  much  lower  than 
expected  for  shots  1  and  2  and  even  lower  for  shot  3. 
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Figure  7.  Sand  disturbance  at  model  exit,  shot  2. 


Figure  8.  Sand  disturbance  at  model  exit,  shot  3. 
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All  possible  variables  and  results  of  the  tests  were  examined  to  determine  the  cause  of  this 
apparent  anomaly.  This  examination  indicated  that  the  cause  could  be  the  type  of  material  used  in 
the  model  test  bed.  In  the  shock-tube  tests  plywood  was  used,  whereas  sand  was  used  in  the 
model  tests.  As  shown  in  Figures  7  and  8,  the  sand  at  the  exit  of  the  model  was  somewhat 
disturbed  in  shots  1  and  2,  and  more  noticeably  disturbed  in  shot  3.  From  this,  it  was  assumed 
that  the  shock  wave  disturbed  the  sand,  which,  in  mm,  interfered  with  the  following  high-speed  jet 
flow  from  the  tunnel. 

A  plywood  sheet  was  placed,  as  shown  in  Figure  9,  at  the  tunnel  exit  for  shots  4  and  5. 
Also,  25.4-mm -diameter  copper  tubing,  used  in  tests  l,  2,  and  3  to  deflect  sand  from  the  stagnation 
pick-up  tubes,  was  not  used  in  shots  4  and  5.  As  shown  in  Table  3,  these  measures  proved 
fruitful:  stagnation  pressures  from  shots  4  and  5  were  approximately  four  to  five  times  the  side-on 
pressures  at  stations  0-1  and  0-2.  Also,  stagnation  pressure  impulses  were  much  greater  than  side- 
on  values  at  stations  0-1,  0-2,  and  0-3  for  shots  4  and  5  as  shown  on  Table  4  and  Figures  A-4  and 
A-5. 


The  free-field  blast  pressure  can  be  predicted  using  a  method  described  in  Reference  1.  In 
Figure  10,  the  solid  line  is  the  predicted  value  for  the  conditions  of  these  tests  and  is  plotted  as  the 
ratio  of  free-field  blast  pressure  to  tunnel-exit  pressure  (AP/PW)  versus  the  ratio  of  radial  distance  to 
tunnel  diameter  (R/DT).  The  measured  data  for  the  five  shots  are  generally  higher  than  predicted 
and  are  comparable  with  the  results  of  Reference  1  which  states  that,  under  these  conditions,  a 
variation  in  free-field  pressure  of  a  factor  of  two  may  be  expected. 

4.  SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 

Results  of  tests  to  determine  the  free-field  stagnation  overpressures  from  explosions  in  a 
model  storage  chamber  have  been  presented.  Pressure-time  records  were  obtained  for  stagnation 
and  side-on  overpressures  on  0-  and  45-degree  radials  as  measured  from  the  longitudinal  axis  of  the 
tunnel,  taken  as  0  degrees.  For  shots  1  and  2,  the  measured  stagnation  pressures  were  somewhat 
lower  than  expected,  and  much  lower  for  shot  3.  Analysis  indicated  that  the  shock  wave  at  the 
tunnel  exit  disturbed  the  sand  test  bed  to  the  extent  that  the  sand,  in  mm,  interfered  with  the 
following  high-speed  flow.  In  shots  4  and  5  plywood  was  used  at  the  tunnel  exit  and  resultant 
stagnation  oveipressures  were  more  nearly  as  expected. 
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Figure  9. 


Pressure  Ratio,  A  P/Pw 


From  these  minimum  number  of  tests,  it  appears  that  the  stagnation-to-side-on  overpressure  ratio  is 
terrain  dependent.  However,  the  affect  on  stagnation  pressure  of  removing  the  copper  tubing  sand 
deflectors  is  not  known. 

It  is  suggested  that  studies  be  continued  to  more  adequately  define  the  effect  of  sand  and 
plywood  and  to  determine  the  effects  of  different  types  of  terrain  features. 
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Figure  A-l.  Shot  1,  chamber-loading  density  0.681  ke/m3.  sand  base. 
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Figure  A-2.  Shot  2.  chamber-loading  density  0.681  kg/m3,  sand  base. 
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Figure  A-2.  Shot  2.  chamber-loading  density  0.681  kgAn3.  sand  base. 
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Figure  A-2.  Shot  2,  chamber-loading  density  0.681  kg/m3,  sand  base. 
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Figure  A-3.  Shot  3.  chamber-loading  density  1.46  kg/m3,  sand  base. 
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Figure  A-3.  Shot  3.  chamber-loading  density  1.46  kg/m3,  sand  base. 
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Figure  A-3.  Shot  3.  chamber-loading  density  1.46  kg/m3,  sand  base. 
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Figure  A-3.  Shot  3.  chamber-loading  density  1.46  ke/m3.  sand  base. 
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Figure  A-4.  Shot  4.  chamber-loading  density  1.46  ke/m3.  plywood  base. 
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Figure  A-5.  Shot  5.  chamber-loading  density  1.46  kg/m3,  plywood  base. 
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Hazardous  Materials  Agency 
ATTN:  AMXTH-TE 
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USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it  publishes. 
Your  comments/answers  to  the  items/questions  below  will  aid  us  in  our  efforts. 

1.  BRL  Report  Number  BRL-TR-3085 _ Date  of  Report  APRIL  1990 

2.  Date  Report  Received _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest 

for  which  the  report  will  be  used.) _ 


4.  Specifically,  how  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source 
of  ideas,  etc.) _ 


S.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars 
saved,  operating  costs  avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate. _ 


6.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate 
changes  to  organization,  technical  content,  format,  etc.)  .  . 


Name 


CURRENT  Organization 

ADDRESS  _ 

Address 


City,  State,  Zip  Code 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  New  or  Correct 
Address  in  Block  6  above  and  the  Old  or  Incorrect  address  below. 


Name 


OLD  Organization 

ADDRESS  _ 

Address 


City,  State,  Zip  Code 
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